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Abstract
Recent progress on diagnosis and characterization of defects in hybrid microelectronic components us1ng a
transmission scanning acoustic microscope (SAM) operating at 150 MHz is summarized. A simple method
has been established to locate (in three dimensions) and classify the defects. The study also shows that two
optically identical thick-film resistors having a ratio of 5 x 103 in resistance value exhibit a 43 db contrast in
acoustic amplitude.
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FURTHER PROGRESS ON NONDESTRUCTIVE DIAGNOSIS OF HYBRID MICROELECTRONIC 
COMPONENTS USING TRANSMISSION ACOUSTIC ~ICROSCOPY 
J. K. Wang, C. C. Lee, and C. S. Tsai 
Center for the Joining of Materials 
and -
Department of Electrical Engineering 
Carnegie-Mellon University 
Pittsburgh, PA 15213 
ABSTRACT 
. Recent pr?gr~ss on diagnosis and characterization of defects in hybrid microelectronic components 
us1ng a transm1ss1on s~anning acoustic microscope (SAM) operating at 150 MHz is summarized. A simple 
method has been es~abl1sh~d to_locate. (in ~hree d~mensions) and classify the defects. The study also 
sho~s _that two opt1cally 1dent1cal th1ck-f1lm res1stors having a ratio of 5 x 103 in resistance value 
exh1b1t a 43 db contrast in acoustic amplitude. 
INTRODUCTION 
The characteristics of microelectronic compo-
nents are greatly affected by the elastic faults or 
defects such as inclusions, voids, delaminations 
and nonuniform particle distribution. Due to im~ 
p~dance ~ismatch, scattering and absorption asso-
clated w1th a defect, significant attenuation is 
expected in the transmitted acoustic signal. There-
fore, the degree of darkness at an image area is a 
measure of the acoustic opacity, and thus the ir-
regu~arity or defect at a corresponding area in the 
spec1men. We had earlier employed a transmission-
type s~anning acoustic microscope(l) (see Fig. 1), 
operat1ng at 150 MHz, to image the internal stru~­
tures of some hybrid microelectronic components.t2,3) 
It is highly desirable to distinguish between 
a VOID-type defect and an INCLUSION-type defect 
through quantitative measurement. We have recently 
found that a definitive distinction can be made by 
translating the specimen along the lens axis at 
smal~ increments and recording the corresponding 
ampl1tudes and phases of the transmitted signal 
through the particular defect. The amplitude and 
p~ase data obtained indicate not only the depth, 
s1ze, but also the type of the defect. Phase in-
formation is important because the variation in 
the local acoustic phase is a measure of-the acous-
tic velocity of an isolated defect and also of the 
interfa~e profile of a mechanical or metallurgical 
bond.(4J 
CAPABILITIES OF THE SCANNING ACOUSTIC MICROSCOPE 
The modes of operation and the key parameters 
~f th~ scanning acoustic microscope (SAM) employed 
1n th1s study are listed as follows: 
Modes of operation: 
Amplitude 
Transmission Mode Phase 
Confocal 
Non confocal 
Acoustic lenses: f/4- (focal length in water= 4 mm) 
Spatial resolution: 30 ~min water at 150 MHz 
(confocal) 
Field of view for the sample: 3 x 4 (mm2) 
Magnification of acoustic images = 35 
Total electrical throughput loss (without specimen): 
55 db 
Dynamic range: 50 to 70 db at 20 dbm input electri-
cal power, depending on the speci-
men. 
DIAGNOSIS AND CHARACTERIZATION OF HYBRID 
MICROELECTRONIC COMPONENTS 
The findings on three types of hybrid micro-
electronic components are now discussed: 
Thin-Film Circuits - Defects which result from con-
tam~nants and blisters introduced during the fabri-
catlon process greatly affect the resistance adhe-s~on, and solderability of the thin-film cir~uits. 
F1gures ~(a), (c) show the acoustic micrograph and 
the ampl1tude profile of a thin-film resistor 
(Fig. 2(b) for its cross-sectional view). The de-
fects and the nonuniformity of the multilayer 
structure are clearly seen. Figure 2(c) shows a 
differential amplitude variation as large as 30 db. 
Thick-Film Circuits - The dark and gray areas in 
the opt~cal micrographs (Fig. 3(b)) correspond, 
respect1vely, to the three individual. resistors 
(100 u, 1.3 ku, and 500 ku) and the conductors of a 
production-line thick-film circuit (Fig. 3(a)). 
The acoustic micrographs (Fig. 3(c)) show a high 
degree of contrast as a function of resistance 
values. Specifically, a differential attenuation of 
43 db is observed between the 100 Q and the 500 kQ 
resistors. Some defects in the form of inclusions 
are also observable in the resistor and circuit-
free regions. 
Multilayer Chip Capacitors - The defects referred to 
in th~ Introduction are potential causes for a leaky 
capac1tor, and end metallization of poor quality i~ 
often a sufficient cause for open-circuit failure.t5) 
Figure 4(a) is an example of a faulty end metalliza-
tion (dark stripes designated as L) in a product~on­
line ceramic chip capacitor (Fig. 4(b)). Figure 
S(a) is another capacitor which shows two areas of 
delamination together with some voids (see Fig. 
S(b) for its optical image). 
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A definitive identification of the above de-
fects was facilitated by comparing the detected 
signal levels with the noise level. Since the de-
tected signals were buried in noise, the defects 
should be of the "void"~type. For an "inclusion"-
type defect, however, the detected signal level was 
found to be substantially above the noise level. 
The last example, also involving a production-
line chip capacitor, serves to demonstrate that the 
SAM is capable of determining not only defect loca-
tion (in three dimension) but also defect type. 
Figures 6(a) to 6(c) show a series of acoustic 
micrographs obtained for the capacitor shown in 
Figure 7. Figure 8(a) indicates that area (2.2) is 
defect-free. However, for area (1. 1), there is an 
"inclusion"-type defect at the depth designated by 
P since the minimum detected signal (-54 dbm) is 
well above the noise level. Figure 8(b) shows two 
"void"-type defects located at different depths A 
and B since the detected signals are at the same 
level as noise. 
CONCLUSION 
We conclud~that the transmission SAM operating 
at several hundred megahertz range is a highly use-
ful technique for nondestructive diagnosis and 
characterization of thick hybrid microelectronic 
components. 
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Fig. 2 Imaging of a Thin-Film Chip Resistor 
(a) Acoustic Micrograph 
(b) Cross-Sectional Sketch of the Multilayer Structure 
(c) Acoustic Amplitude Variation Along Line EF 
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(b) 
(c) 
Fig. 3(a) Optical Micrograph of the Production-Line 
Thick Film Circuit (Thickness: 30 mils) (3.2 X) 
Fig.3(b) Optical Micrographs for Three Resistors 
500 Kn From Left to Right) Kn, and 
3(c) The Corresponding Acoustic Micrographs Depicting High Degree 
of Contrast 
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{a) 
Fig. 4(a) Acoustic Micrograph of a Chip Capacitor 
Showing the Faulty End ~1etal izations in 
the Form of Stripes Designated by L 
4(b) Optical Micrograph 
(a) (b) 
(a) 
(b) 
Fig. 5(a) Acoustic Micrograph of Part of a Chip 
Capacitor Showing One of the Areas of 
Delamination Designated by ON, and Voids 
by D 
5(b) Opti~al Micrograph Showing the Particu-
lar Cross Section Where Two Areas of 
Delamination are Located (Local Brighter 
Areas) 
(c) (d) 
Fig. 6 Acoustic Micrographs of a Production-Line Chip Capacitor (Thickness: 27 mils) 
(b) and (c) Obtained by Displacing the Capacitor Along the Lens Axis by 20 and 
40 mils, Respectively; From the Capacitor Position of (a) 
(d) Obtained After the Capacitor was Heated at 100°C for 80 Minutes 
Fig. 7 Photograph of a Production-Line Chip Capacitor (Thickness: 27 mils) 
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Fig. 8(a) Measured Amplitude and Phase of Transmitted Acoustic 
Signals as the Chip Capacitor was Translated Along 
the Lens Axis - An "Inclusion" is Shown to Exist in 
Area (1 ,1) at Depth P 
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Fig. B(b) Amplitude and Phase of Transmitted Acoustic 
Signal (Measured at a Fixed Position of the 
Chip Capacitor) as the Capacitor was Trans-
lated Along the Lens Axis - "Voids" are 
Shown to Exist at Depths A and B 
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